Strong Sector in non-minimal SUSY model by Costantini, Antonio
Strong Sector in non-minimal SUSY model
Antonio Costantini1,?
1Dipartimento di Matematica e Fisica "Ennio De Giorgi",
Università del Salento and INFN-Lecce,
Via Arnesano, 73100 Lecce, Italy
Abstract. We investigate the squark sector of a supersymmetric theory with an extended
Higgs sector. We give the mass matrices of stop and sbottom, comparing the Minimal
Supersymmetric Standard Model (MSSM) case and the non-minimal case. We discuss
the impact of the extra superfields on the decay channels of the stop searched at the LHC.
1 Introduction
The search of supersymmetric partners of the known particles, expecially the quarks, is one of the
main purpose of the LHC. They are supposed to be heavy because supersymmerty (SUSY) is broken,
otherwise they would be observed at the electroweak symmetry breaking (EWSB) scale. Since the
start of LHC with Run 1, the lower bound on the mass of the lightest squark, which is usually taken
to be the lightest stop, has increased [1]. In this paper we are going to show how much these bounds
are related to the assumptions that the supersymmetric model is minimal in its superfield content.
In section 2 we briefly review the squark sector in the MSSM, giving the expression of the mass
matrices for stop and sbottom. In section 3 we show how the squark sector changes in the case of
non-minimal SUSY and in section 4 we present the results for the branching ratios of the lightest stop
decay channels tested at the LHC. Section 5 is left to the conclusions.
2 Squark Mass Matrices in MSSM
As it is well known, in the minimal version of SUSY each particle of the Standard Model (SM) has
a superpartner and they are related each other by a SUSY transformation. The superpotential of the
MSSM is
W =WMSSM +WH (1)
with
WMSSM = ytUˆHˆu ·Qˆ − ybDˆHˆd ·Qˆ − yτEˆHˆd ·Lˆ , (2)
and
WH = µ Hˆu ·Hˆd. (3)
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Higgs superfields are given by
Hˆu =
(
Hˆ+u
Hˆ0u
)
, Hˆd =
(
Hˆ0d
Hˆ−d
)
. (4)
The extraction of the potential from the superpotential is straightforward and we have V = VF + VD +
Vso f t where
VF =
∑
k
FkF∗k , Fk =
∂W†
∂Φˆ†k
∣∣∣∣∣∣∣
θ=θ¯=0
(5)
VD =
1
2
∑
k
g2k(φ
†
i t
a
i jφ j)
2. (6)
and Vso f t is responsible for the soft breaking of supersymmetry. The mass matrices are defined as the
second derivative of the potential evaluated on the vacuum. Stop and sbottom mass matrices are given
respectively by
Mt˜ =

m2t + m
2
Q3
+ m2Z cos(2β)(
1
2 − 23 sin2 θw) mt(At − µ cot β)
mt(At − µ cot β) m2t + m2u¯3 − 13m2Z cos(2β) sin2 θw
 (7)
Mb˜ =

m2b + m
2
Q3
− m2Z cos(2β)(− 12 + 23 sin2 θw) mb(Ab − µ tan β)
mb(Ab − µ tan β) m2b + m2b¯3 +
2
3m
2
Z cos(2β) sin
2 θw
 (8)
A close inspection of Eq. (7) and (8) shows that the off-diagonal terms are proportional to the quark
mass. The mixing q˜R − q˜L is enhanced in the case of stop and hence t˜1 is the lightest squark. It’s easy
to extract the eigenvalues of the matrices in Eq. (7) and (8). In the case of stop we have
m2t˜1,2 =
1
2
(
m2t + m
2
Q3 + 2m
2
t +
1
2
m2Z cos(2β)
±
√
(m2Q3 − m2u¯3 + (
1
2
− 4
3
sin2 θw) cos(2β)m2Z)
2 + 4m2t (At − µ cot β)2
)
3 Squark Mass Matrices in TNMSSM
In this section we give the expression for the mass matrices of stop and sbottom in the model consid-
ered in the analysis which is an extension of the MSSM. We have enlarged the Higgs sector of MSSM
including a singlet superfield and an SU(2) triplet superfield. The gauge group is the usual SU(3)c×
SU(2)L× U(1)Y . A detailed analysis of this model, named TNMSSM, can be found in [2–4]. The
superpotential of the model isWTNMSSM =WMSSM +WTS with
WMSSM = ytUˆHˆu ·Qˆ − ybDˆHˆd ·Qˆ − yτEˆHˆd ·Lˆ , (9)
and
WTS = λT Hˆd · Tˆ Hˆu + λS Sˆ Hˆd · Hˆu + κ3 Sˆ
3 + λTS Sˆ tr[Tˆ 2]. (10)
Triplet and doublets superfields are given by
Tˆ =

√
1
2 Tˆ
0 Tˆ+2
Tˆ−1 −
√
1
2 Tˆ
0
 , Hˆu =
(
Hˆ+u
Hˆ0u
)
, Hˆd =
(
Hˆ0d
Hˆ−d
)
. (11)
In this model the mass matrix for stop is
Mt˜ =

m2t + m
2
Q3
+ 124
(
g2Y − 3g2L
) (
v2u − v2d
)
1√
2
AT vu +
ytvd
2
(
vTλT√
2
− vS λS
)
1√
2
AT vu +
ytvd
2
(
vTλT√
2
− vS λS
)
m2t + m
2
u¯3 +
1
6
(
v2d − v2u
)
g2Y
 (12)
Comparing Eq. (7) with Eq. (12) we can see that they are similar, the only difference being in the off-
diagonal terms. The µ-term of Eq. (7) is now dynamically generated through the terms vTλT√
2
− vS λS .
This is clear from a comparison of the Higgs part of the superpotential in Eq. (3) and Eq. (10).
4 Branching Ratios of the Stop
In this section we present the main result of our analysis on the decay of the lightest stop. We are
going to compare one of the latest result form the ATLAS collaboration on the mass bound for the
lightets stop [5] with our phenomenological analysis.
In Fig. 1(a) we can see the correlation plot mt˜1 −mχ01 of a recent analysis from the ATLAS collabo-
ration [5]. In Fig. 1(b) we present the same correlation plot for a set of ∼ 2000 benchmark points used
in a previous analysis. The dashed line is the digitized curve delimiting the yellow region of Fig. 1(a).
Let us remark that the benchmark points showed in Fig. 1(b) pass a certain number of phenomenologi-
cal tests. In particular for each point we have a Higgs boson with a mass ∼ 125 GeV and the couplings
with the Z bosons, the W bosons, the photons and the gluons are within the current experimental limits
[4]. Moreover the mass of the lightest neutralino, χ01, which is the lightest supersymmetric particle
(LSP) of the model, is compatible with the bounds coming from the relic abundance of dark matter.
The bounds on the mass of the lightest stop are putted under the assumption of Br (t˜1 → t χ˜01) = 1
[5]. This is not the case if the model has an extended Higgs sector, as one can see from Fig. 1(b).
Another possible decay channel for the stop is t˜1 → b χ˜±1 and the mass bounds for the stop mass
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Figure 1. Plot of the mass correlation mt˜1 −mχ˜01 from the ATLAS collaboration [5] (a) and from our phenomeno-
logical analysis (b), where we have reported the correspinding branching ratio for t˜1 → t χ˜01. The dashed line is
the digitized curve delimiting the yellow region in (a).
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Figure 2. Plot of the mass correlation mt˜1 −mχ˜01 from the ATLAS collaboration [6] (a) and from our phenomeno-
logical analysis (b), where we have reported the correspinding branching ratio for t˜1 → b χ˜±1 . The dashed line is
the digitized curve corresponding to the observed limit in (a).
coming from this analysis are presented in [6]. The channel t˜1 → b χ˜±1 is assumed to have Br = 1. In
Fig. 2(a) is shown the correlation plot mt˜1 −mχ01 in the case of t˜1 → b χ˜±1 and in Fig. 2(b) we present the
results of our analysis. As is the previous case the dashed line is the digitized curve corresponding to
the observed limit in Fig. 2(a). In this case there are some points with Brb χ˜±1 ' 1 but they are outside
the excluded region. The points below the dashed curve have Brb χ˜±1 < 1.
We clearly see that the mass bounds for the scalar top considered here are evaded by a large number
of benchmark points. In fact in both Fig. 1(b) and Fig. 2(b) there are mostly red points corresponding
to branchings lower than 50%.
5 Conclusions
We have presented a phenomenological analysis of the decay channels of the scalar top in the context
of a supersymmetric theory with an extended Higgs sector. We have compared our results with the
recent analysis done by the ATLAS collaboration [5, 6] for the decay channels t˜1 → t χ˜01 and t˜1 →
b χ˜±1 . In both the cases the branching ratios for these channels is assumed to be 100%. This is not
true in the case of a non-minimal SUSY theory, like the TNMSSM [2–4], as shown in Fig. 1(b) and
Fig. 2(b). Although the mass matrices of the squarks are almost the same in the MSSM and in the
TNMSSM, the branching ratios of the channels studied at the LHC are quite different. This is due to
the enlarged Higgs sector of the TNMSSM and to the presence of other representation of SU(2)L than
the doublets, as extensively discussed in [2–4].
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